Sigmaxinella hipposiderus sp. nov. is described from morphological and molecular datasets, based on a single known specimen collected from the upper margin of a submarine canyon on the edge of the continental shelf, south-east of coastal Victoria (Tasman Sea), Australia. Morphologically, the species is clearly assigned to the genus Sigmaxinella, and preliminary molecular data (COI mt DNA) support the close relationship of this new species to other specimens attributed to Desmacellidae. This is the thirteenth species of Sigmaxinella and the seventh described for the Australian EEZ. Remarkably, 12 of the 13 known species are recorded predominantly from temperate or subantarctic Australian, New Zealand or South African waters, with only a single species described so far from the temperate Atlantic Ocean.
Introduction
Desmacellidae Ridley & Dendy, 1886, has received moderate taxonomic attention over the past decade (e.g. Hajdu & Van Soest 2002; Salani et al 2006; Jeon & Sim 2008) . The number of new species is continuing to rise worldwide, with currently 107 species recognised as valid. There are 13 nominal genera assigned to the family, of which six are presently recognised as valid (Van Soest, 2011) . Nevertheless, there is still some uncertainty about generic boundaries between some of these, in particular the relationship between the morphologically similar genera Sigmaxinella Dendy, 1897 and Biemna Gray, 1867 . This uncertainty concerns the phylogenetic value of an axially compressed skeleton in desmacellid sponges, as present in Sigmaxinella, that are otherwise morphologically very similar to Biemna. Ultimately, this uncertainty can only be resolved using datasets other than traditional morphometric features (Hooper & Van Soest 2002) .
Within the genera of Desmacellidae the following number of valid species are currently recognised (following Van Soest, 2011) : Biemna Gray, 1867 (56), Desmacella Schmidt, 1870 (30), Dragmatella Hallmann, 1917 (1), Microtylostylifera Dendy, 1924 (3), Neofibularia Hechtel, 1965 and Sigmaxinella (12). Within the last genus, 21 nominal species or subspecies have been assigned at one time or another, but nearly half of these are considered synonyms. The most recent publication on Sigmaxinella (Salani et al. 2006 ) also included S. megastyla Burton, 1959 , but this species has been since transferred to Biemna (Van Soest, 2011) . Species of the genus are predominantly temperate to subantarctic in distribution, with 12 living in the Indo-Pacific and only a single species recorded from the Atlantic Ocean.
In this paper we describe a new species of Sigmaxinella from the upper margins of a submarine canyon on the edge of the continental shelf, south-east Australia, Tasman Sea. The species is compared to all others in this genus based on morphology and some preliminary molecular data.
Material and methods
Collection of material. The holotype was collected from the edge of the continental shelf of Australia, Tasman Sea ( Fig. 1) , using a Sherman Sled during a CSIRO Marine & Atmospheric Research survey of southern Australian benthic marine resources. The specimen was initially fixed by freezing and subsequently preserved in 70% ethanol, and registered in the QM collection. FIGURE 1. Type locality of Sigmaxinella hipposiderus sp. nov. in the Pacific ocean (Tasman Sea), off the southeastern coast of Australia. The specific location is at the Big Horseshoe Canyon, a side canyon to the Bass Canyon system off the eastern Victorian boarder, lying on the edge of the continental shelf, and at a depth of 160 metres. Image modified from Google Earth (©2009 Google™); scale bar = 500 km. (Table 1) . Two types of preparations were made for light microscopy. The first technique involved thin cross-sections through a branch of the holotype, including components of the ectosome and choanosome. This section was placed in a saturated solution of xylene-phenol and left for 12 hours to clear the mesohyl, embedded in Fluka Durcopan™ (Sigma-Aldrich Co., St. Louis, MO, USA), then oven dried at 40°C for 12 hours. The second preparation was for spicules. Preparations were made from small (~3 mm 3 ) pieces of the sponge, including both ectosome and choanosome, and digested using nitric acid gently heated over a low flame; the spicules were then mounted in Canada balsam. SEM preparations were made by dissolving small pieces (~2 mm 3 ) of sponge in 12.5% sodium hypochlorite to remove soft tissue, monitoring the digestion using a dissecting microscope to ensure skeletal structure was not destroyed. Rate of digestion was controlled by the addition of demineralised water, and the reaction terminated using 70% ethanol. The resulting fragment was mounted on a blackened SEM stub using a soft clear adhesive gum and then left to air dry. Some stubs were sputter coated in gold and others left uncoated. Stubs were examined using a low vacuum Hitachi Tabletop Scanning Electron Microscope TM-1000. Images were recorded and plates assembled for publication using Adobe Photoshop CS5 (version 12.0.1x32) (Adobe Systems Inc., San Jose, CA, USA).
Morphology
DNA analysis (Table 2) . Extraction: DNA was extracted from specimens stored in 70% ethanol. Small pieces of specimen (~3 mm 3 ) were frozen in liquid nitrogen and then crushed in a mortar and pestle over additional liquid nitrogen. DNA was extracted from the macerated sponge using a NucleoSpin® Tissue DNA extraction kit (Macherey-Nagel, Düren, Germany). We followed the instructions provided by the manufacturer with the following exceptions: final DNA was eluted after an on-bench incubation period of 5 minutes and then using 2 × 50 μ l volumes of pre-warmed elution buffer. These modifications produced a high yield and high concentration genomic DNA extract.
Amplification: we amplified the standard barcoding fragment (Folmer fragment) of mitochondrial DNA (partial cytochrome oxidase subunit 1 (COI mtDNA)) using degenerate "Folmer" primers (dgLCO1490 and dgHCO2198) designed by Meyer et al. (2005) (25); 65/600 (1). Samples were held at 10°C and amplified products were visualised on a 1.5% agarose gel (1× TBE buffer) using EZ-Vision™ DNA Dye (AMRESCO Inc., Solon, OH, USA) as a loading buffer. Fragment sizes were verified against a GeneRuler™ 100 bp DNA Ladder (Fermentas Life Sciences (a part of ThermoFisher Scientific, Waltham, MA, USA)). Products were purified using an UltraClean™ PCR Clean-up DNA Purification Kit (MO BIO Laboratories, Inc., Carlsbad, CA, USA) using the manufacturer's protocol, with the exception of a final elution in a volume of 30 μ l. Product concentration was quantified on a gel by comparison to GeneRuler 100 bp DNA Ladder.
Sequencing: PCR fragments were sequenced using a BigDye® Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems (part of Life Technologies Corporations, Carlsbad, CA, USA)). Fragments were sequenced in both directions in quarter reactions (10 μ l) using the protocols of the manufacturer. Samples were held at 10°C until purification and precipitation. Completed sequencing reactions were purified using a sodium acetate and ethanol precipitation and visualised at the Griffith University DNA Sequencing Facility using a 3130xl Genetic Analyser (Applied Biosystems). Sequences were verified against chromatograms and ambiguous base calls resolved within MEGA v. 4.0 (Tamura et al. 2007) . Contiguous sequences of forward and reverse reads were assembled in MEGA4 and compared to the NCBI (GenBank) database using BLAST searching (Altschul et al. 1990 ) to assess their general identity. New sequences have been deposited in GenBank (http://www.ncbi.nlm.nih.gov/) and the Sponge Barcoding Database (SBD) (http://www.spongebarcoding.org/) (accession details in Table 2 ). Sequences were aligned with sequences from specimens of other Poecilosclerida Topsent, 1928, in addition to Halichondrida Gray, 1867; sequences of Verongida Bergquist, 1978 and Spirophorida Bergquist & Hogg, 1969 were used for outgroup comparison (see Table 2 for list of all specimens used in the phylogenetic analysis).
Phylogenetic analysis. Aligned sequences were analysed using maximum likelihood methods implemented in RAxML (Stamatakis 2006 ) for a GTR + Γ model of sequence evolution; 1000 fast bootstrap replicates were performed. Bayesian methods were also used to estimate a likelihood tree. We implemented a GTR + Γ + I model of sequence evolution in MrBayes (ver. Diagnosis. Desmacellidae with axially compressed reticulate skeleton and extra-axially plumose skeleton; spicules styles, sigmas and microxeas in most cases (Hajdu & Van Soest 2002 Description. Growth form arborescent, erect, flattened into one plane, branching dichotomously, but irregularly, basal attachment small and on well formed stalk (now detached in fixed specimen); branches cylindrical, laterally compressed, ellipsoidal in cross-section, matting of spicules gives appearance of external segmentation in fixed specimen (Fig. 2B) . Dimensions: overall height 103.0 mm; maximum breadth 69.0 mm; stalk length is approximately 15 mm; width of main axis 1.5 mm at base, widening to 3.8 mm at first bifurcation and 5.7 mm at apex; longest branch 62.2 mm in length from point of bifurcation to branch apex, maximum width 7.5 mm; shortest branch 35.7 mm in length, maximum width 2.6 mm. Colour light beige to pale grey in ethanol. Oscules inconspicuous, shallow, less than 1mm diameter, few, roughly circular; fine oscules observed on proximal portion of main axis in fixed specimen.
Surface uneven, velvety, hispid, with hair-like conulose projections forming a pile which becomes matted distally on branches, axial region villose. Texture barely compressible, tough, difficult to tear although easily cut; branches flexible, pliable; main axis flexible, but more resistant to bending than branches.
Skeleton with markedly differentiated axial and extra-axial construction; axis strongly compressed, extra-axial region plumose (Fig. 3) . Compressed axial core occupies approximately half the diameter of the sponge in the region of the stalk, and one third the diameter in the branches. Choanosomal skeleton an axially condensed reticulation of multispicular tracts enclosed in abundant collagenous spongin; extra-axial skeleton plumose, with ends of terminal spicules forming brushes at the surface; microscleres densely packed along and between megascleres in plumose tracts; packing of microscleres more dense near axis than in periphery of skeleton, and density of microscleres decreases towards ectosome. Ectosome indistinct from choanosome, without any conspicuous specialisation aside from plumose terminal spicule bundles protruding from the choanosomal extra-axial skeleton. μ m (length and maximum width). Ecology and distribution. Known only from the holotype collected from the shallower margins of the Big Horseshoe Canyon, a side canyon to the Bass Canyon system off the eastern Victorian boarder, lying on the edge of the southeastern continental shelf. The specimen was collected from 160 m in a habitat dominated by rock and silt.
Etymology. The epithet is made as a masculine noun in apposition from the ancient Greek hipposideros (= horseshoe) in reference to the type locality, Big Horseshoe Canyon, Tasman Sea.
DNA sequence data. 1 sequence: COI mt DNA (partial, Folmer fragment, 658 bp, 1 replicate).
Remarks. This species is clearly assigned to Sigmaxinella on the basis of its compressed axial and plumose extra-axial skeletons, which is otherwise similar to Biemna. By having a single category of unmodified style megascleres, and single categories of both sigmas and microxeas, and in specific sizes of its spicules, this species differs from the 12 valid species of Sigmaxinella as follows (refer to Table 1 for the comparison among species of Sigmaxinella).
Sigmaxinella hipposiderus sp. nov. clearly differs from the type species, S. australiana Dendy, 1897, in having a single category of styles, sigmas and microxeas. The latter has much smaller styles, some of which are modified into strongyles and oxeas, two categories of sigmas and one category of much thinner raphides (i.e. those in the present species are thicker and more obviously microxeas than raphides, and, even though they form bundles, these bundles are not trichodragmata) ( Table 1 , Fig 5B) . Nevertheless, both species have a similar external morphology (see Fig. 2, 6A ) and a differentiated axial and extra-axial skeletal architecture, features which can only be described as 'typical' of Sigmaxinella.
In growth form, S. hipposiderus also vaguely resembles S. dendroides Whitelegge, 1907 from southern New South Wales (Fig. 6C ), but the latter has distinctly smaller megascleres, two categories of sigmas, all s-shaped, and rare microxeas not forming bundles (Table 1 ). The present species should also be compared to the Atlantic S. cearense Salani et al., 2006 ; both species show simple, reduced spiculation, but the present species also has microxeas and sigmas. The sigmas of S. hipposiderus lack the Paresperella-like spines on the outer edge as is seen in the Atlantic species.
There has been some confusion by previous authors in the descriptions of some species of Desmacellidae (including Sigmaxinella and Biemna) about the possession of raphides versus microxeas. Usually these spicule categories have been combined into a single category (e.g. : Hooper 1984; Salani et al. 2006 ), yet they are differentiated clearly under electron microscopy (e.g. : Hooper & Lévi 1993) . This is the case for S. flabellata Carter, 1885 sensu Dendy, 1897 redescribed by Hallmann (1916) . This species was described as having two categories of raphides, yet further examination indicates that the larger category, occurring both in bundles and singly, are microxeas, not raphides.
A further note on S. flabellata is appropriate, as re-examination of one of the syntypes of Axinella flabellata Carter, 1885 (BMNH 1886 .471 from Port Phillip Heads, Victoria), the type species of the genus Sigmaxia Hallmann, 1916 , shows this to actually be a species of Raspailia (Raspailia) Nardo, 1833. Unfortunately, the other syntype (BMNH 1886.12.15.143 wet) has not yet been located in the collections of the BMNH. Therefore, for the time being, we must use the concept of Sigmaxinella flabellata in the sense of Dendy (1897: 241) . Hallmann (1916: 535) subsequently redescribed S. flabellata much more comprehensively based on new material, which he also stated he compared to "one of Dendy's specimens". Carter's (1885) original concept of A. flabellata remains uncertain. 
Phylogenetic analysis
The alignment of the COI mtDNA gene region comprised 51 taxa, of which eight were nominally designated as belonging to Desmacellidae. This study has used all desmacellid material available on public databases, such as GenBank and SBD, supplemented by new sequences presented here. An additional 21 poecilosclerid taxa and an additional 19 halichondrid taxa were included in the alignment; one verongid and two spirophorids were included as outgroups. The final alignment comprised 584 base pairs. Maximum likelihood and Bayesian estimates of phylogeny were inferred for this dataset (Fig. 7) .
In our phylogenies, monophyly of the desmacellid taxa was recovered with good support (98% maximum likelihood bootstrap (ML); 1.0 Bayesian posterior probability (PP)), and our new species, S. hipposiderus lies within this desmacellid clade. Although we cannot assert with confidence that the Desmacellidae is monophyletic without the inclusion of specimens of Desmacella pumilio Schmidt, 1870 and additional types for the remaining unrepresented genera (which were unavailable for this study), we are confident that the taxa assigned here to Desmacellidae form a well-supported, monophyletic assemblage. In our trees, S. hipposiderus is shown as a sister to Biemna saucia Hooper, Capon & Hodder, 1991 , but with only moderate support (70% ML; 0.92 PP). Sequences of specimens of Neofibularia formed a well-supported clade (100% ML; 1.0 PP) with one specimen attributed to Biemna (B. fistulosa (Topsent, 1897)) by Rot et al. (2006) , although monophyly of the specimens of Neofibularia themselves was not well supported. According to our phylogenies, Biemna (and possibly Neofibularia) as currently conceived, is paraphyletic, although it should be noted here that only two sequences of specimens of Biemna were currently available. Hooper, 1984; C, S. dendroides Whitelegge, 1907; D, S. viminalis Hallmann, 1916 ; E, S. flabellata (Carter 1885 ) sensu Dendy, 1897; F, S. ramosa (Carter, 1883) ; image A from Hallmann (1916, pl. XXXIII , Fig. 1) ; image B from Hooper (1984, p. 8 , Fig. 1 ); image C from Whitelegge (1907, pl. XLVI, Fig. 42 ); image D from Hallman (1916, pl. XXXIII , Fig. 4) ; image E from Hallmann (1916, pl. XXXIII, Fig. 5) ; image F original, syntype of Phakellia ramosa Carter, 1883, specimen BMNH 1884.4.14.2, collected from Sydney region; images A-D and E-F to same proportion, both scale bars = 50 mm.
The position of the Desmacellidae in our phylogeny is unresolved. There is an estimated association with some axinellid and dictyonellid taxa, however, this relationship is not supported with any confidence. Despite the lack of deep resolution on our tree, it is clear that our desmacellid taxa do not have any close relationship to chelae-bearing poecilosclerids. Desmacellidae is classified currently within Mycalina, and not one of our trees was able to recover a relationship between desmacellids and other groups from Mycalina (e.g.: Mycalidae, Esperiopsidae, Isodictyidae, Podospongiidae). Monophyly of the chelae-bearing poecilosclerids is well-supported on our trees (97% ML; 1.0 PP), although there is little internal resolution of this group. (NB: although Tedaniidae Ridley & Dendy, 1886 lack true chelae, this interpreted as a secondary absence (e.g. Erpenbeck et al. 2007) ). Polyphyly of the Poecilosclerida (including non-monophyly of Mycalina and Myxillina) was established by Erpenbeck et al. (2007) ; our results are in broad agreement with their phylogeny. Further, our results also agree with Erpenbeck et al. (2007) that there is support for monophyly of the chelae-bearing poecilosclerids. Our trees indicate that Desmacellidae (which is nonchelae-bearing) is not best placed within Mycalina and the higher systematics of the family should be addressed. Additional molecular data (including the 28S rDNA gene) should be analysed to establish the higher relationships of Desmacellidae. Clades of poecilosclerid taxa are denoted "P" and primary chelae-(and their derivatives-) bearing poecilosclerids are indicated by the image of a chela; it should be noted that although species of Tedania Gray, 1867 lack true chelae, this has been interpreted by Erpenbeck et al. (2007) as a secondary absence.
